Abstract
Introduction 28
Assessments of larval connectivity are not routinely applied to offshore construction yet structures such as oil 29 rigs and wind farms quickly become colonised by fouling organisms, such as serpulids and barnacles, and over
In the present study, we simulated a release of larvae from benthic populations along the coasts of the Adriatic
19
Sea using coupled bio-physical models and investigated the effect of pelagic larval duration (e.g. simulation 20 duration) on dispersal. We assumed an homogenous larval production and tracked evenly distributed Lagrangian
21
particles for a range of pelagic larval durations (4, 8, 16, 20 days) to cover regionally common invertebrate taxa 22 such as barnacles and gastropods (Villamor et al., 2014) , rather than utilizing a particular target species (Rossi 23 et al., 2014) . We also tracked the likely spread of larvae from benthic populations that originate from the major
24
Adriatic ports, as several studies show an increase in the abundance of non-indigenous species in or around
25
Adriatic ports and marinas (David et al., 2007; Iveša et al., 2015; Pecarevic et al., 2013) , and the potential spread 26 of non-indigenous species through corridors of artificial surfaces (Airoldi et al., 2015) is a critical aspect of 27 marine connectivity studies. Essentially, our aim was to identify areas of high vs. low connectivity to inform 28 marine spatial planning and the licensing of offshore marine renewable energy developments.
29

Methods 30
Our method was based on the Graph Theory approach used by Rossi et al. (2014) 
37
Mediterranean, particularly in late winter (Gačić et al., 2002; Malanotte-Rizzoli et al., 1997) . The western coast 38 is generally sandy whereas the eastern side is predominantly rocky (Artegiani et al., 1997) and the hydrography 39 of the basin is influenced by several large rivers (Verri et al., 2014) . The circulation is cyclonic overall, with 40 three cyclonic sub-systems in the northern, middle and southern sections and a strong current flowing south 41 along the coast of Italy from spring until autumn (Zavatarelli et al., 1998) . (Tonani et al., 2013 ) and a coupled 9 hydrodynamic-wave model with a horizontal grid resolution of 1/16˚ (ca. 6-7 km). We subdivided the Adriatic 10 into a 0.0625° x 0.0625° grid (each grid cell approx. 6.7 km 2 ) to match the resolution of the hydrodynamic model
11
giving 383 release grid cells (S1).
12
2.3 Simulated larval particle transport
13
Particles were released from the centre of each of 383 grid cells along the Adriatic coastline and trajectories
14
were followed using the program ICHTHYOP (Lett et al., 2008) . No behavioural parameters were assigned to 15 the simulated larval particles thus assuming a passive trajectory. Particle position was calculated every 2 hours, for four pelagic larval durations (4, 8, 16 and, 20 days) . We chose consecutive release dates (n = 10) throughout (Villamor et al., 2014) . Particles were released at the same time each day (00:00), and to account for inter-annual 
25
Destination grid cells were calculated for each particle using MATLAB6.1, and both descriptive statistics and 26 probability matrices were constructed from an amalgamation of all simulation years and release dates for each 27 larval duration. Additionally a year-on-year analysis of the total distances that particles travelled was done to 28 examine significant differences between years. Due to the non-normal distribution of the data, non-parametric 29 tests (e.g Kruksall-Wallis and Mann-Whitney U Comparison) were used. To visualise the inter-annual 30 differences of the larval trajectories a single simulation track from each year is presented which indicates particle
We used Infomap to define network structure (Rosvall and Bergstrom, 2008) and it allowed us to examine cells 8 within our grid of across the Adriatic Sea and determine where larval transport can be expected to flow quickly 9 and easily between them, for details see Rossi et al., (2014) . In addition to community detection, Infomap also 10 provides information on the importance of individual nodes via the use of its pageRank algorithm. PageRank
11
(commonly used for ranking web pages) provides a nonlocal measure of centrality by defining the expected 12 density of random walkers on a node at stationarity, within a weighted, directional, network (Lambiotte and
13
Rosvall, 2012). PageRank for each cell is presented as a probability distribution with a numerical value between 14 0 and 1, i.e. a cell with a pageRank of 0.5 means that a random walker within the network would have a 50%
15
chance of arriving at the given cell. Identifying the highest and lowest ranked nodes for each pelagic larval 16 duration illustrates the most and least important grid cells within each network.
17
Results 18
As expected, simulated increases in the duration of particle transport resulted in an increase in the distance 19 travelled. Likewise, as dispersal duration increased, self-replenishment decreased. Overall levels of self-20 replenishment were very low, but were an order of magnitude higher at release grids close to Adriatic Ports 21 (Table 1) , likely due to the typical positioning of ports in enclosed bays. Dispersal distances increased from around 11 km for 4 day simulations, to 30 km for larvae that could survive for 20 days in the plankton and the 23 greatest distance travelled by a particle during the 20 day simulation was 334 km (Table 1) . The large Standard
24
Deviations around each mean show that some particles remained close to the simulated release sites, whereas 25 others travel far; this variability increased with dispersal duration. Avg. distance (km) ± SD 11.0 ± 11.0 16.8 ± 17.3 25.7 ± 28.1 29.5 ± 34.0
26
Avg. Distance from ports (km) ± SD 7.6 ± 6.3 12.2 ± 12.4 20.3 ± 12.7 24.4 ± 30.9 Avg. SR(%) ± SD 0.01 ± 0.1 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 Avg. SR at port sites (%) ± SD 0.11 ± 0.12 0.07 ± 0.06 0.04 ± 0.07 0.04 ± 0.07
28
Regarding inter-annual differences of the distances that the simulated particles travelled, the non-parametric
29
(due to extreme outliers of the data) statistical test Kruskal-Wallis test for equal medians was used to compare 30 differences between years. All the pelagic larval duration simulations expressed significant differences between 31 years (For PLD4 H(2) = 856.82, p = 0.00; PLD8, H(2) = 661, p = 0.00; PLD16, H(2) = 480.91, p = 0.00; and 
24
In agreement with the statistical analysis of the year-on-year differences between distance travelled of individual 25 particles, the spatial depiction of the particle trajectories indicates high inter-annual variabilities (Figure 2 ).
26
Larval sink locations (locations where particle tracks terminate) are not consistent, and although no clear inter- 
12
Gulf of Trieste, and the Po river delta (Figure 3) . A more detailed depiction in the form of a probability matrices 13 is provided in the supplementary files (S2, S3, S4 and S5). 
Discussion 13
The Adriatic region is a distinct marine sub-region assigned as a priority region for marine spatial planning 14 (Bastari et al., 2016) . High activity use often creates conflicts between economic development of the region,
15
habitat protection, and preservation of biodiversity. The region already has a great deal of offshore activities 16 (Manoukian et al., 2010) and there is scope for rapid development of offshore wind farms, particularly in the
17
Northern Adriatic (Bray et al., 2016) . Here we explore how these developments will impact the marine benthic 
23
Three dimensional particle tracking models is useful for quantifying the dispersal of benthic invertebrate larvae
24
(Metaxas and Saunders, 2009) and Graph Theory is an effective tool for exploring patterns of spatial connectivity 25 (Treml et al., 2007) . This approach has been widely used for the identification and evaluation of marine protected 26 areas; however this is the first time it has been used as an aid for planning offshore construction. Nevertheless,
27
there are several limitation associated with the approach. Real-world realization of the findings presented here 28 requires additional information such as individual larval behaviour (Zhang et al., 2016) , predator-prey 29 interactions, environmental cues, and suitable substratum availability for settlement (Chan and Walker, 1998) .
30
The homogenous release of passive particles along the Adriatic coastline does not accurately reflect nature but 31 it does provide an insight into larval dispersal over large scales at an ecosystem level, and is a useful starting 32 point for marine spatial planners. 
34
The distance larval particles were transported was shorter than other works which assessed dispersal distances 35 in the region (Melià et al., 2016) as they used longer pelagic larval durations. Some of the most prolific biofoulers of the region (balanoid barnacles, serpulid worms, and ascidians) have short pelagic larval durations ranging 1 from several hours to up to three weeks (Anil et al., 1995; Chan and Walker, 1998; Jacobs et al., 2006) 
37
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